vaccine strategies are impaired when the strains in the vaccine do not reflect current diversity because of evolutionary processes. 5, 6 Although all eight genes of the virus continuously evolve, evolution of the HA envelope glycoprotein has great potential for biologic consequence through antigenic shift (via reassortment of different gene segments), and antigenic drift (via gradual accumulation of point mutations), resulting in the cocirculation of multiple genetically diverse lineages and genetic clades. 7, 8 In swine in the United States, five major H1 and H3 genetic lineages have been described. The first lineage of viruses circulating in U.S. swine emerged coincident with the 1918 human pandemic and is referred to as classical H1N1 IAV. This lineage was predominant and relatively conserved until the late 1990s when a second lineage was detected in swine. The second lineage was a novel triple-reassortant H3N2 virus, and in addition to being maintained in U.S. swine itself, it also reassorted with endemic classical H1N1 viruses, resulting in new genetic clades of H1N1 and H1N2 viruses. 9, 10 Although reassortment of HA and/or the NA segments was commonly detected, the internal gene pattern was maintained, referred to as the triple reassortant internal gene (TRIG) constellation. 11, 12 The third lineage of viruses that established in U.S. swine was the result of two spillovers of human seasonal H1 viruses; these are referred to as delta-lineage viruses. 9, 10, 13 The fourth is the H1N1pdm09 lineage of viruses, which has been repeatedly introduced into swine herds throughout the world and has undergone reassortment with other swine IAV. [14] [15] [16] [17] An additional H3 spillover from humans to swine in the early 2010s resulted in the most recent establishment of a new lineage. 18 Given substantial expansion of genetic diversity within each of these lineages, it has become necessary to further divide the HA genes into 
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Identifying patterns of genetic diversity and how they change over space and time is critical for appropriate intervention efforts.
Quantifying IAV diversity in U.S. swine is challenged by the common practice of transporting swine across regions for production efficiencies. It is estimated that approximately one million pigs 20 are moved within the United States every day and large numbers of swine also enter the United States from Canada. This movement of pigs has previously been implicated in the dissemination of the δ-lineage from the Southeastern and South-central United States into the Midwest. 21 Despite this dynamic, current assessment of diversity has previously relied on national analyses of H1 and H3 viruses without separation into geographic regions; these data revealed yearly cocirculation of H1N1, H1N2, and H3N2, with H1-δ1 (1B.2.2), H1-γ (1A.3.3.3), and H3-Cluster IV-A representing the majority of HA sequences. 22, 23 However, it is quite likely, given the rapid and ex- 
| MATERIAL S AND ME THODS

| Dataset construction and phylogenetic analysis
Nucleotide sequences for the HA, NA, and M gene segments of IAV in swine in USA collected by the surveillance system were down- Sequence alignments were generated for HA-H1 (n = 3233), HA-H3 (n = 1230), M (n = 4140), NA-N1 (n = 1628), and NA-N2
(n = 2828) using default settings in MAFFT v7.222 25, 26 with subsequent manual correction in MEGA7. 27 Maximum likelihood trees for each gene alignment were inferred using IQ-TREE v1.3.14 28 implementing the TVM + I evolutionary substitution model that was identified via the automatic model selection function. Branch support was assessed using the ultrafast bootstrap approximation 29 with 1000 replicates. The inferred phylogenetic trees were used to classify H1N1 and H1N2 sequences into previously defined genetic clades: H1-α, H1-β, H1-γ, H1-γ2, H1pdm09, H1-δ1, and H1-δ2. (H1-δ2). H3N2 sequences were assigned to Cluster IV, IV-A, IV-B, IV-C, IV-D, IV-E, IV-F, and human-like H3. 18, 23, 31 NA N1 isolates were assigned to either the classical or pandemic genetic clades, 23 while NA N2 isolates were assigned to the 1998-lineage or 2002-lineage. 32 The M gene was classified as either TRIG or pandemic. 23, 33 These analyses used the resources of the USDA-ARS computational cluster Ceres on ARS SCINet. 
| Regional analysis
| Time series analysis
To study seasonal patterns of IAV in swine in the United States, we conducted time series analysis using the number of influenza isolates aggregated by month from January 2010 to December 2016.
The time series was decomposed using the ts and decompose functions in the forecast package 36, 37 in R v3.1.2. 34 The additive time series decomposition was used because seasonal variation for the data was constant over time.
| RE SULTS
| HA, NA, and M evolutionary trends in swine IAV
During the study period, a total of 4458 isolates were analyzed, out of which 35% were H1N1 viruses, 36% were H1N2 viruses, and 
USDA swine IAV surveillance terminated regular sequencing of the M gene in 2016.
To understand seasonal patterns in swine IAV, we aggregated the sequenced subtypes by month ( Figure S3 ) across the 7 years of our study (2010) (2011) (2012) (2013) (2014) (2015) (2016) . These data revealed year-round detection of swine IAV in clinical respiratory submissions, with a primary epidemic peak in October-November of each year and a secondary epidemic peak in March-April of each year ( Figure S3C ).
| Spatial patterns of IAV subtype and HA genetic diversity
There were 3125 H1N1 and H1N2 viruses collected from 2010 to Of 307 H1-δ2 (1B.2.1) viruses overall, 63% (n = 194) were from Region 1 (Figure 1 ). There was a steady increase in H1-δ2 viruses 
| National and regional comparisons
Because of the difference in relative proportions observed between regions (Figure 3 ), we next compared national and regional diversity. We calculated Shannon's diversity indices by year for the entire United States and by region (Table 1) 
| D ISCUSS I ON
The purpose of this study was to characterize the genetic diversity of IAV in swine circulating in the USA based on data submitted through the USDA surveillance system. This analysis of 7 years of data revealed year-round circulation of three subtypes (H1N1, H1N2, and H3N2), with a primary epidemic peak in October-November, and a secondary peak in March-April. This provides further support for biphasic seasonal outbreaks of swine IAV resulting in clinical disease similar to that reported from 2010 to 2012. 23 . In human influenza outbreaks, seasonal patterns of IAV transmission have been associated with climatic and environmental factors, [38] [39] [40] particularly low humidity and low temperatures. 41, 42 Although our data are suggestive of a similar mechanism, additional epidemiologic and experimental studies that determine the relationship between IAV in swine and climatic and environmental conditions such as temperature and humidity are necessary. A five-year active IAV surveillance study in a single production system demonstrated a negative correlation between herd-level IAV prevalence found in one month to the absolute humidity and outdoor air temperature found in the prior 0-3 months. 43 These seasonal patterns in swine support consideration of whole herd vaccination several weeks prior to each biphasic peak.
Our the long-distance dispersal of swine also disseminates novel IAV clades. 21, 45 However, our data suggest that the US swine herd is not endemic with a homogenous population of IAV, instead our data suggest that most IAV transmission and diversity is regional with some mixing due to pig movement, consistent with Kyriakis et al. 46 This is supported by the consistent detection of the major HA/NA clades in all regions, along with detection of minor genetic clades and subtypes within specific regions. This represents a distinct strength of the long-term USDA passive surveillance system data in that these data are now able to capture regional circulation and diversity, along with providing a baseline to identify the emergence of novel genetic clades. 18, 45 Nationally However, the regional divisions currently implemented for surveillance reporting and described above are unlikely to reflect the realities of swine production systems. Consequently, we used the HA/NA data itself to generate spatial divisions or "zones" ( 
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